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ICU mortalityAbstract Background and aim: Health Care Associated Infection (HCAI), especially nosocomial
infection (NCI) in intensive care units (ICUs), has remained a major cause of mortality and mor-
bidity. In this study, the rate of HCAI and the factors associated with both NCIs and deaths in
ICUs were assessed in a large teaching hospital complex in Tehran, IR Iran.
Materials and methods: In this cross sectional study, 300 patients hospitalized in six different
ICUs of a large teaching hospital located in Tehran were assessed from January to March 2013.
Nosocomial infection was deﬁned as the presence of clinical signs and symptoms of infection in
patients at least 48 h after their hospitalization, conﬁrmed by positive cultures of specimens taken
from the patients’ blood, urine, wounds, respiratory secretions and other body ﬂuids. The risk fac-
tors of NCIs were assessed by a researcher – produced checklist consisting of 109 questions.
Results: According to the ﬁndings, NCIs were observed in 59 (19.7%) (CI 95%= 15.2–24.2%)
patients and the overall mortality rate was 23 (7.7%) (CI 95%= 4.7–10.7%), and the highest infec-
tion rate belonged to general ICU-1. The factors associated with the higher rate of NCI and/or mor-
tality were as follows: lower education levels, increased length of stay in ICU, increased duration of
antibiotic use, combined antibiotic therapy, long time inserted catheters, anemia, and immunosup-
pression or chronic diseases. Multivariate analysis showed an independent statistically signiﬁcant
38 S.M. Razavi et al.association between prolonged urinary catheterization and both NCIs and deaths.
Conclusion: It seems that patients with prolonged catheterization are prone to NCIs and deaths,
so they should be treated intensively.
Open access under CC BY-NC-ND license.
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According to the literature, about 30% of ICU patients suffer
from some kinds of infections and these patients will encounter
increased ICU length of stay, morbidity, mortality and cost [1].
The most common isolated pathogens in NCIs are Staphylo-
coccus aureus and Acinetobacter species with the rates of
30.9% and 26.8%, respectively [2]. Acinetobacter is considered
as the most common gram-negative organism colonized on the
skin of hospital care providers, including ICU nurses and
respiratory therapists [3].
Urinary tract infection (UTI) has been reported as the most
common type of NCIs [4,5]. ICU infection is associated with a
number of the known risk factors such as prolonged ICU stay,
different and multiple device insertions, prolonged mechanical
ventilation and colonization with micro-organisms in the envi-
ronment [6]. Meric et al. in their study proposed the risk fac-
tors related to increased mortality which are as follows: age
over 60, intubation and central venous catheterization [2].
Reade et al. based on their study stated: ‘‘Anemia is associated
with illness severity and more common in those with comorbid
illnesses, female gender, and resulted in poor outcomes’’ [7].
In this study the rates of Health Care Associated Infections
(HCAIs), deaths and the associated factors were assessed in
intensive care units of a large referral hospital complex in Teh-
ran, IR Iran.
2. Materials and methods
In this descriptive-analytical prospective study, 300 patients
were studied. All patients hospitalized in six intensive care
units of Imam Khomeini hospital complex were included in this
study and followed from the time of admission to ICU wards
up to the time of discharge or death during the study. Imam
Khomeini hospital complex is a large teaching hospital located
in Tehran, IR Iran with 1056 beds, 53 different wards, and 250
physician faculty members afﬁliated to Tehran University of
Medical Sciences [8]. The ICUs in study totally consisted of
56 beds, including: General ICU-1 (20 beds), Cardiac Surgery
ICU (8 beds), Neurosurgery ICU (7 beds), Cancer Related
ICU [7], General ICU-2 [8], and Emergency Medicine ICU
(6 beds). The study was carried out from January to March,
2013.
NCI was deﬁned as the presence of clinical signs and symp-
toms of infection in the patients for at least 48 h after their hos-
pitalization, conﬁrmed by positive cultures of blood, urine,
wounds, respiratory secretions and other body ﬂuid specimens.
The data of the factors associated with nosocomial infec-
tions and deaths were collected according to a 109-item
researcher-administrated checklist including 9 segments which
are as follows: demographic factors (7 questions), hospitaliza-
tion situations (6 questions), underlying diseases (10 ques-tions), lab test results (12 questions), administered drugs (11
questions), usage of therapeutic instruments (15 questions),
personal performance (9 questions), outcomes (7 questions),
and environmental structure (32 questions).
Critically ill patients who were not able to answer the ques-
tions at all and the patients who died during the ﬁrst 24 h of
admission to ICUs were excluded from the study due to the
possibility of other causes of their mortality rather than infec-
tion. The other patients who died after ﬁrst 24 h of admission
to ICUs were considered as ICU mortality during ICU
hospitalization.
The routine protocol for infection control in ICU wards
included: hand washing before and after each visit, use of protec-
tive equipments such as: surgical masks – gloves – goggles – shields
and gowns in each visit, patient isolation in case of infectious state,
environmental cleansing and disinfection (ﬂoors, walls and roofs),
use of antibiotics or probiotics based on physician prescription, use
of non silicon catheters and periodic personnel education.
By applying SPSS software, version 16, at ﬁrst descriptive
statistics was used to analyze the gathered data. Then chi-
square and t-test were used respectively to test the associations
between both qualitative and quantitative variables and out-
comes. Also, multivariate logistic regression analysis was done
for both NCIs and deaths. P-values less than 0.05 were consid-
ered statistically signiﬁcant.
3. Results
121 (40.3%) out of 300 studied patients were females. There
was no statistically signiﬁcant difference between patients’ ages
according to nosocomial infection state. The means (SDs) of
the ages of the patients who had NCIs and those without NCIs
were 59.1 (14.9) and 54.9 (15.7), respectively (P= 0.988). The
dead patients were older than survived ones, with mean (SD)
of 70.26 (10.36) for the dead patients and 54.5 (15.42) for the
alive ones (P< 0.001).
Among 354 cultured specimens, 81 (22.9%) of them had
positive results. The overall rate of conﬁrmed nosocomial
infection in the studied patients was 59 (19.7%) (CI
95%= 15.2–24.2%). The distribution of NCIs in other vari-
ous ICUs was different from general ICU-1, which was the
most crowded ward consisting of 23.3% of patients and had
the highest rate of NCIs (40.7%) (Table 1).
According to univariate analysis, the patients’ mean age
and gender had no statistically signiﬁcant relationship with
NCIs (p> 0.05), but the education level lower than diploma,
increased length of stay in ICU, longer duration of antibiotic
administration, combined antibiotic therapy, increased cathe-
ter stay and the presence of chronic diseases had statistically
signiﬁcant association with increased rates of NCIs. The inci-
dence of NCIs and Mortality was signiﬁcantly higher in 60
year and older aged group (Table 2).
Table 1 The frequency of nosocomial infection per patients in
different ICUs.
Diﬀerent ICUs Positive culture
N(%)
(CI 95%)
Total
N(%)
General ICU-1 24 (34.3%)
(23.2–45.4%)
70 (23.3%)
General ICU-2 7 (12.3%)
(3.8–20.8%)
57 (19.0%)
Cardiac surgery ICU 5 (7.9%)
(1.3–14.6%)
63 (21.0%)
Neurosurgical ICU 3 (5.5%)
(0–11.5%)
55 (18.3%)
Cancer ICU 14 (40.0%)
(23.8–56.2%)
35 (11.7%)
Emergency 6 (30.0%)
(9.9–50.1%)
20 (6.7%)
Total 59 (19.7%)
(15.2–24.2%)
300 (100.0%)
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common isolated pathogen with the frequency of 22 (27.2%).
The most common site of infection in 36 (44.4%) patients
was respiratory tract. The most common antibiotic prescribed
for 149 (29.7%) out of 502 cases was Vancomycin.
The overall mortality rate was 23 (7.7%) (CI 95% 4.7–
10.7%). The results of univariate analysis demonstrated that
higher ages, education level lower than diploma, and combina-
tion antibiotic therapy were associated with the higher rate of
mortality (P< 0.05). Gender and the presence of NCIs
showed no statistically signiﬁcant association with mortality
(Table 2).Table 2 Different associated factors with NCIs and death (Univari
Variables States Positive c
Age P60 Y, N= 125 35 (28.0%
<60 Y, N= 175 24 (13.7%
Gender Female, N= 121 28 (23.2%
Male, N= 179 31 (17.3%
Education Lower Diploma, N= 157 43 (27.4%
Diploma or Higher, N= 143 16 (11.2%
CV line duration P7 days, N= 108 55 (50.9%
<7 days, N= 192 4 (2.1%)
ICU stay P7 days, N= 113 56 (49.6%
<7 days, N= 187 3 (1.6%)
Antibiotic duration P7 days, N= 83 43 (51.8%
<7 days, N= 207 13 (6.3%
Urinary catheterization P7 days, N= 108 56 (51.9%
<7 days, N= 192 3 (1.6%)
Tracheostomy Yes, N= 47 19 (40.4%
No, N= 253 40 (15.8%
Intubation Yes, N= 141 39 (27.7%
No, N= 159 20 (12.6%
NG tube Yes, N= 184 52 (28.3%
No, N= 116 7 (6%)
IV catheter duration P7 days, N= 113 56 (49.6%
<7 days, N= 187 3 (1.6%)
Antibiotic therapy Combination, N= 192 58 (30.2%
Single, N= 108 1 (0.9%)
Culture Pos, N= 59 –
Neg, N= 241 –According to multivariate logistic regression analysis, the
statistically signiﬁcant variables in the model for increased rate
of NCIs were prolonged urinary catheterization (more than
7 days), combination antibiotic therapy, NG Tube insertion,
intubation, education level lower than diploma and tracheos-
tomy. Also, the factors signiﬁcantly associated with mortality
in the model were the age more than 60, prolonged urinary
catheterization (more than 7 days), CV line duration less than
7 days, education level lower than diploma, and NG tube
insertion (Table 3).
4. Discussion
According to Appelgren et al., approximately 30% of patients
admitted to ICUs were affected by nosocomial infections [9].
The Average of NCIs in our study was 19.7% which is less
than the reported rate based on 95% conﬁdence intervals.
According to the literature, because of immune suppression
and other related changes to aging, the incidence of nosoco-
mial infections increases in people older than 65 [10]. However,
in this study, patients’ ages showed no statistically signiﬁcant
correlation with NCIs, in multivariate logistic regression anal-
ysis. Although there was statistically signiﬁcant increased rate
of NCIs observed in patients 60 years old and over in univar-
iate analyses. This may be because of the younger ages of the
patients in this study in comparison with other studies. The
average age of the patients in this study was less than 65.
Like the other studies, we found no statistically signiﬁcant
relationship between gender and NCIs [11].
Although obesity and overweight are important factors
associated with nosocomial infections [12], we could not mea-
sure these variables in our study and it can be considered as a
limitation in this study. The main reason of this limitation wasate analysis).
ulture P value OR Death P value OR
) 0.002 2.45 17 (13.6%) 0.001 4.43
) 6 (3.4%)
) 0.237 - 8 (6.6%) 0.662 –
) 15 (8.4%)
) <0.001 2.99 19 (12.1%) 0.002 4.78
) 4 (2.8%)
) <0.001 48.77 10 (9.3%) 0.437 –
13 (6.8%)
) <0.001 60.25 12 (10.6%) 0.135 –
11 (5.9%)
) <0.001 16.04 8 (9.6%) 0.496 –
) 15 (7.2%)
) <0.001 67.85 12 (11.1%) 0.093 –
11 (5.7%)
) <0.001 3.6 3 (6.4%) 0.719 –
) 20 (7.9%)
) 0.001 2.66 16 (11.3%) 0.024 2.78
) 7 (4.4%)
) <0.001 6.13 20 (10.9%) 0.009 4.59
3 (2.6%)
) <0.001 60.26 12 (10.6%) 0.135 –
11 (5.9%)
) <0.001 46.31 20 (10.4%) 0.017 4.07
3 (2.8%)
– – 5 (8.5%) 0.795 –
18 (7.5%)
Table 3 Multivariate logistic regression analysis results for NCIs and death.
Outcome Variables Sig. Exp(B) 95% C.I. for EXP(B)
Lower Upper
Positive culture Urinary catheterization, P7 days <0.001 46.78 13.15 166.40
Combination antibiotic therapy 0.013 15.26 1.76 132.02
NG tube 0.026 3.63 1.17 11.28
Intubation 0.029 3.48 1.13 10.67
Lower diploma education 0.031 2.67 1.10 6.52
Tracheostomy 0.035 3.71 1.10 12.58
Death Age>60 Y 0.048 2.81 1.01 7.84
Urinary catheterization, P7 days 0.005 39.34 3.00 516.03
CV line duration, P7 days 0.003 0.02 0.00 0.28
Lower diploma education 0.004 5.81 1.75 19.26
NG Tube 0.049 4.80 1.01 22.85
Intubation 0.056 2.88 0.97 8.49
Combination antibiotic therapy 0.066 0.23 0.05 1.10
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accurately in critically ill patients.
The ﬁndings showed that the education level lower than
diploma had statistically signiﬁcant relationship with increased
rate of NCIs and deaths, based on univariate and multivariate
analyses. This may be due to more proper personal hygiene in
patients with higher education or some other associated socio-
economic factors which play roles in the higher rates of these
outcomes.
Similar to other studies, our ﬁndings showed that increased
length stay in ICU to more than 7 days would be associated
with increased incidence of nosocomial infection [1]. However,
multivariate analysis indicated that the other factors are asso-
ciated with NCI. Accordingly, one of the most important fac-
tors associated with both NCIs and ICU mortality was
prolonged urinary catheterization (more than 7 days), which
is compatible with Rudman et al. study [13]. The mechanisms
associated with urinary tract infection and mortality have been
revealed in the past literature [14,15].
In this study, the most common isolated pathogen in
patients with NCI was Acinetobacter. The ﬁndings of this
study showed that 12 percent of isolated Acinetobacters were
resistant to all routinely prescribed antibiotics [16]. This recent
emergence of drug-resistant Acinetobacter has caused a great
concern worldwide [16] and it seems this matter should be paid
special attention in these ICU settings.
In this study, multiple antibiotics were prescribed for 192
patients and just 108 patients were treated by using a single
antibiotic. The statistically signiﬁcant association between
combination antibiotic therapy and mortality indicates that
increased drug resistance and ineffectiveness of different anti-
biotics may have inevitable role in mortality. Besides, special
side effects of some kinds of antibiotics, above all, such as
immune system impairment, may be another reason for the
higher rate of mortality. The quality of prescribed antibiotics
is another important factor. Therefore, the effectiveness of
antibiotics should regularly be investigated in both invitro
and invivo settings.
UK Intensive Care Society has suggested that crowded
ICUs, especially those with more than 8 beds, will face mana-
gerial problems [17], and this fact may explain the higher rates
of infections observed in general ICU-1, the most crowded
ICU in our study with 20 beds.According to our ﬁndings, NG tube insertion was associ-
ated with NCIs and deaths and this is consistent with the ﬁnd-
ings of the other studies. Lower gastric PH and aspiration
during gavages and NG tube insertion may play roles in NCIs
and the deaths subsequent to NCIs [18].
5. Suggestions
According to the study ﬁndings, some suggestions are pre-
sented which can be useful to decrease the rate of NCIs and
deaths in ICUs:
 Standardization of ICUs’ structures and settings,
 Reducing the length of stay in ICU to less than 7 days,
especially by considering all required paraclinical tests
for patients before admission to ICU,
 Reducing the length of stay for all catheters, especially
urinary catheters preferably to less than 72 h,
 Establishing an accurate surveillance system for antibi-
otic administration,
 Rational drug therapy by using pharmaco-therapeutical
consultations,
 Encouraging single antibiotic therapy rather than
combination therapy,
 Putting high risk patients under more intensive obser-
vation and care; especially elderly, obese, anemic,
diabetic, and immunosuppressed patients as well as
patients with little education,
 Emphasis on ICU development to a maximum of 8 beds,
 Using the beds with special sensors for automatic
patient weighing.
6. Conclusion
It seems that prolonged urinary catheterization, patients with
NG tube insertion, higher ages, little education, chronic dis-
eases, and also overcrowded ICUs (more than 10 beds)
should be further monitored as the factors inﬂuencing NCIs
and ICU deaths. Especially in ICUs, antibiotic administra-
tion should be under stricter supervision through a surveil-
lance system.
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